S3
Tris-HCl, 10% glycerol, 10 mM NaNO3, pH 7.6) were stored at −40 °C in an anaerobic glovebox and used immediately after thawing. The FDH CO2 reduction activity was determined to be 126 ± 10 μmol HCO2 -min -1 mg -1 (290 s -1 ), by following the oxidation of methyl viologen at 578 nm (ε = 9.7 mM -1 cm -1 ), in phosphate buffer (50 mM) pH 6.9, dithiothreitol (1 mM) and sodium bicarbonate (50 mM).
Poly(1-vinylimidazole-co-allylamine)-[Os(bipy)2Cl]Cl (POs) was synthesized according to previously reported procedures. 3 An aqueous solution of POs (10 mg mL −1 ) was used in all experiments. The diketopyrrolopyrrole-based dye (dpp) was synthesized and characterized as reported previously. 4
Instrumentation
A centrifuge (5804 Eppendorf), furnace (Carbolite, ELF 11/14B/301) and UV/Ozone cleaner (ProCleaner Plus, BioForce Nanosciences) were used for IO-TiO2 electrode preparation. Enzyme-modified electrodes were prepared in an anaerobic glovebox (MBraun, N2 atmosphere, < 0.1 ppm O2). Protein film electrochemistry (PFE) and photoelectrochemistry (PF-PEC) were performed using a potentiostat (Compactstat, Ivium) and a gas-tight two-compartment glass cell, prepared and sealed in the glovebox (see above). PF-PEC experiments were performed at 25 C using a Xe lamp (150 W, Newport) Solar Light Simulator (LOT Quantum Design, light intensity flux (irradiance) (Ee) 100 mW cm −2 , AM 1.5G filter,  > 420 nm filter). Light intensity was measured with a thermal sensor (S302C, Thorlabs) and power meter console (PM100D, Thorlabs). Ion chromatography (882 compact IC plus, Metrohm) was used to quantify formate. Gas chromatography (GC; Agilent 7890, carrier gas N2, flow rate 0.7 mL min −1 , molecular sieve column, thermal conductivity detector) was used to test for H2.
S4
Preparation of IO-TiO2|dpp|POs−PSII electrodes IO-TiO2 electrodes with a pore diameter of 750 nm (20 μm film thickness, geometrical surface area, A = 0.25 cm 2 ) were fabricated on a TiO2-protected FTO-coated glass substrate according to previously reported procedure, 5 and used in all experiments.
IO-TiO2|dpp modified electrodes were prepared by soaking IO-TiO2 electrodes in solutions of dpp (0.15 mM in tetrahydrofuran (THF)) overnight in the dark. The IOTiO2|dpp electrodes were then rinsed with THF, followed by water, then air-dried. IOTiO2|dpp|POs−PSII electrodes were prepared in an anaerobic glovebox. A blend of PSII (1 µL, 2.6 mg Chl a mL −1 ) stock solution and POs (1 µL, 10 mg mL −1 ) was deposited on the IO-TiO2|dpp electrode and incubated for 5 min at room temperature. 
Protein film electrochemistry (PFE) and photoelectrochemistry (PF-PEC)
Voltammetry experiments were performed in a three-electrode configuration using IOTiO2|FDH working electrode, a Ag/AgCl (saturated KCl) reference electrode (BASi, RE-6) and a Pt mesh counter electrode separated by a glass frit in a separate compartment. Each compartment of the cell was filled with 3 mL NaHCO3 (68 mM)
and KCl (50 mM) solution, leaving a headspace of 7 mL. The compartments were purged with one atmosphere CO2, resulting in each compartment containing a solution of KCl (50 mM) and CO2/NaHCO3 (100 mM) under one atmosphere of CO2.
S5
Continuous stirring without gas purge was applied during the experiment. Stirring induces convection, lowers current limitation by mass transport and aids product dispersion from the electrode surface. Experimentally measured potentials are reported vs. standard hydrogen electrode (SHE), using the conversion ESHE = EAg/AgCl + 0.199 V (25 °C).
6
The PF-PEC experiments were performed using a Solar Light Simulator in a twoelectrode configuration using an IO-TiO2|dpp|POs−PSII (or IO-TiO2|dpp) photoanode and an IO-TiO2|FDH (or IO-TiO2) cathode separated by a glass frit in a separate compartment. Cell solutions were prepared in a similar manner to the 3-electrode experiments described above. IO-TiO2|dpp|POs−PSII electrodes were exposed to 30 s dark and 30 s light cycles, unless stated otherwise. The photocurrent response was defined as the baseline-corrected (dark current-subtracted) photocurrent after a 30 s light exposure. All current densities (μA cm -2 ) are reported with respect to the geometrical surface area of the electrodes. Error bars are ± sample standard deviation estimated from three experiments. All data processing was performed using OriginPro 9.1 software.
Product analysis
Formate was analyzed by taking aliquots of the electrolyte solution (1 mL from both cell compartments) after electrolysis and quantified using ion chromatography utilizing an aqueous eluent consisting of Na2CO3 (3 mM), NaHCO3 (1 mM) and acetone (50 mL/L). H2 was analyzed by sampling the cell headspace (50 μL) after electrolysis and quantified using gas chromatography. Calibration runs with sodium formate were performed to quantify the amount of formate produced by integration of the formate S6 peak areas. The reported Faradaic efficiencies were corrected by subtracting the IOTiO2 background charging current calculated from control experiments. Stepped-potential chronoamperometry (0.1 V potential steps with 30 s dark and 10 s light cycles) for the determination of onset potential (E onset ) and limiting photocurrent for IOTiO2|dpp|POs−PSII photoanode. Eapp values (shown on top of the lines) are reported vs. SHE. Short irradiation times were used to minimize PSII photodegradation. Conditions: CO2/NaHCO3 (100 mM), KCl (50 mM), one atmosphere CO2, pH = 6.5, T = 25 °C, continuous stirring. Simulated solar light source: AM 1.5G filter; Ee = 100 mW cm −2 ;  > 420 nm. A threeelectrode configuration employed a working electrode and a Ag/AgCl (saturated KCl) reference and Pt mesh counter electrode, respectively. ;  > 420 nm.
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